Parkinson's disease (PD) may take decades to develop and early life exposures such as infection may be important. However, few epidemiological studies have evaluated early life risk factors in relation to PD risk. We therefore examined such associations in a prospective analysis of 3 545 612 individuals born in Sweden between 1932 and 1970 without PD on January 1, 2002. Incident PD cases were identified using the Swedish Patient Register during 2002-2010. Information on sibship size, number of older and younger siblings, multiple births, parental age, birth month and season was obtained from the Swedish Multi-Generation Register. Monthly data on national burden of influenza-like illness during 1932-1970 were obtained from the Swedish Public Health Agency. Hazard ratios with 95% confidence intervals (CI) were estimated using Cox proportional hazards regression. During the followup, 8779 incident PD cases were identified. As expected, older age, male sex, parental occupation as farmers, and family history of PD were associated with higher PD risk. Overall, early life factors, including flu burden in the year of birth, were not associated with PD risk, although we did find a lower PD risk among participants with older siblings than those without (HR = 0.93, 95%CI: 0.89, 0.98). Our study therefore provided little support for important etiological contributions of early life factors to the PD risk late in life. The finding of a lower PD risk among individuals with older siblings will need confirmation and further investigation.
Introduction
Parkinson's disease (PD) is an age-related neurodegenerative disorder affecting 1% of the population over 60 years and up to 4% of those older than 80 years [1] . The etiology of PD remains largely unknown. Recent genome-wide association studies have identified over two dozen genomic susceptibility loci for late-onset sporadic PD, but these may collectively account for only a small proportion of all cases [2] .
PD may take decades to develop and a wide range of non-genetic factors may come into play in at various stages of disease development [3] . Numerous epidemiological studies have reported associations of PD with mid or late-life factors such as smoking, coffee drinking, and exposures to pesticides [3] . However, few studies have evaluated potential roles of early life factors in PD development primarily due to the difficulty in exposure assessment. [4] . On the other hand, the hypothesis that early life factors may contribute to PD late in life is appealing. The pre-and postnatal periods are vital time spans for brain development, during which the generation, migration and proliferation of neurons is completed, and the fundamental structure of the brain is established [5] . In support of this hypothesis, endotoxin injection into gravid rats induced dopamine neuron loss among new births, indicating that prenatal infection might contribute to PD development [6] .
We therefore took advantage of several nationwide registers and historical data in Sweden and investigated three developmental aspects of PD etiology: 1) early life infection related factors including sibling structure, birth month and season.2) parental age at birth, and 3) multiple births. In addition, we performed an ecological analysis evaluating the impact of flu burden in the year of birth on PD risk.
Materials and Methods

Swedish population and health registers
The present study was conducted using multiple nationwide Swedish registers cross-linked through the unique national personal identification numbers assigned to all Swedish residents. The Swedish Multi-Generation Register (MGR) contains information about biological and adoptive parents for persons who were born in 1932 or later, and were alive and lived in Sweden in 1961. The MGR covers more than 95% of Swedish born residents and more than 22% of foreign-born residents in Sweden [7] . The Swedish Patient Register was first established in 1964/1965 to collect inpatient discharge records and became nationwide in 1987 [8] . From 2001, the Patient Register was expanded to collect >80% hospital records of outpatient visits; data from private caregivers were not included, while the coverage of outpatient data from public caregivers is almost 100% [9] . Thus, since 2001, the Patient Register has recorded information on each inpatient visit and vast majority of the outpatient hospital visits of all Swedish residents, including dates of each visit, primary diagnosis, and up to 21 secondary diagnoses that are coded according to the Swedish revisions of the International Classification of Diseases (ICDs). In addition to the MGR and Patient Register, we also linked our register data to the Migration Register and Swedish Population and Housing Censuses in 1960, 1970, 1980, and 1990 that contain information on socio-economic status [10] .
Identification of PD patients
We defined an individual as a PD case if there was a hospital inpatient or outpatient record with PD either as the primary or secondary diagnosis from 1964 onward. We used the ICD codes 350, 342, 332.0 and G20 from ICD7, ICD8, ICD9 and ICD10, respectively to identify PD. The date of first hospital discharge or outpatient contact was used as the date of diagnosis. The validity of PD diagnoses from the inpatient register has been validated against detailed clinical evaluation and showed a positive predictive value (PPV) for any PD diagnosis (primary or secondary) of 70.8%, which increased to 83.0% when only primary diagnosis was considered. [11] The validity of PD diagnoses from the outpatient register has yet to be validated.
Study design
The present study included 3 545 612 unique persons who satisfied the following inclusion criteria: born in Sweden between 1932 and 1970 turned 40 years during the study period (Fig 1) . Family history of PD and parental socio-economic status. Family history of PD was defined as having at least one first-degree relative (full sibling, parent or offspring) diagnosed with PD. For all cohort members, we first identified first-degree relatives from the MGR; the relatives were then linked to the Patient Register to identify a diagnosis of PD.
Parental socio-economic status was defined based on the Swedish socio-economic index (SEI) that distinguishes employers from employees, and further classifies employees into various social classes [12] . Information on SEI was obtained from the Swedish Population and Housing Censuses that were conducted every five years from 1960 to 1990 by Statistics Sweden [10] , and were mandatory for Swedish residents 15 years or older. Of the 1960 and 1970 censuses, we considered the one that was closest to the birth year of the index person. Missing information in any of the 1960 or1970 censuses was replaced by information from the other census whenever possible. Parental socio-economic status was defined as the highest socioeconomic status of the parents', and categorized as farmers, blue-collar employees, white-collar employees, self-employed, and unclassifiable.
Assessment of Influenza-like illness activities in the year of birth. Starting in 1911, general practitioners in most parts of Sweden were required to report influenza-like illness (ILI) occurrences on a monthly or weekly basis to the Swedish Public Health Agency. The adherence of the report was generally high [13] , We obtained yearly national data on ILI from 1932 to 1970s. During this period, we calculated the annual burden of ILI by dividing the number of ILI cases by the corresponding mid-year population size in each year [14] , ILI burden was first used as continuous variable and subsequently as categorical variable (low, intermediate, and high burden using the cut-offs of 500/100 000 and 1500/100 000 person-years).
Statistical analysis
We used Cox proportional hazard regressions to estimate hazard ratios (HRs) and 95% confidence intervals (CIs), with attained age as the underlying time scale and robust standard error accounting for the relatedness in our study population. We conducted both univariable and multi-variable analyses adjusting for sex, birth year categories (1932-1941, 1942-1951, 1952-1961, and 1962-1970) , family history of PD, and parental SEI. Only variables statistically significantly associated with PD risk in the univariable models were adjusted for in the multivariable analyses. Wald test was used to calculate two-sided p-values of the overall association between each categorical variable and PD outcome. The proportional hazard assumption was evaluated for each independent variable in the model. As the assumption was violated for PD family history, we derived estimates for all exposure variables stratified by the family history of PD. The overall goodness-of-fit of the Cox models was tested using the method suggested by Gronnesby and Borgan [15] . In addition to the primary analyses, we also conducted sensitivity analyses including cases for which PD was noted as the primary diagnosis. We used Stata 13 for statistical analyses with 2-sided alpha of 0.05. The study was approved by the Regional Ethics Committee in Stockholm. Since this was a register-based study, it was not possible to obtain written informed the consent by all the participants. Individual information was anonymized and de-identified prior to analysis.
Results
A total of 8 779 PD cases were identified during the follow-up (27.1 million person-years), mostly (n = 7 057) with PD as the primary diagnosis. The incidence rate (per 100 000 years) was 32.4 overall, 39.5 for men and 25.2 for women. Further, the increase increases with age: 96. The average age at PD diagnosis (±SD) was 65.1 (±7.6) years. As expected, being a male, born to a farming family, and having a family history of PD were all associated with a higher risk for PD (Table 1) .
Most early life factors studied were not associated with PD risk ( Table 2 ). The only exception was whether or not the participants had older siblings. Compared to those without, PD risk was 7% lower among participants with older siblings (HR = 0.93, 95%CI: 0.89, 0.98). There was however no further associations with the number of older siblings or the interval length between the index persons and their older siblings. The risk estimates were essentially the same in the sensitivity analysis where only cases with a primary diagnosis of PD were included (data not shown).
In general, we did not observe any specific patterns for either month or season of birth in relation to the risk for PD (Table 3 ). There were three peaks of flu-like illness in Sweden between 1932 and 1970 , and the year 1957 had the highest (Fig 2) . In our analysis, born in these three years was not associated with a higher risk of PD later in life compared to the reference group.
Discussion
To the best of our knowledge, this is the largest and one of the first epidemiological studies to investigate early life risk factors in relation to PD risk late in life. The study took advantage of nationwide historical exposure records that were free of recall bias. We found no association of either early life family characteristics or influenza burden in the year of birth with the risk for PD late in life. The only exception was that having older siblings appeared to be associated with a lower risk for PD.
The developmental origin of disease hypothesis is an intriguing concept for the etiology of complex chronic diseases. According to this hypothesis, the susceptibility to adult-onset diseases may be influenced by in utero and neonatal environmental exposures. Evidence supporting this hypothesis includes the association between in utero nutrition states, coronary heart diseases, hypertension, and diabetes [16] . Recent epidemiological studies also reported that birth order and sibship size, most likely as proxies of common infections within the household, were associated with the risk of Alzheimer's disease [17] , amyotrophic lateral sclerosis [18] and schizophrenia [19] .In contrast, few epidemiological studies have focused on early life environment and PD.
We were interested in the hypothesis that early life infection might be related to a higher risk for PD. In support of this, animal experimental studies showed that prenatal exposure to the endotoxin of lipopolysaccharide induce dopaminergic neuron loss in adult mice [6] . Further, an earlier report showed that individuals born in the years of influenza pandemic in the 20 th century had a higher risk of PD [20] , although the results are not entirely consistent [21] [22] [23] .
In the current study, we explored early life infection related exposures including sibship size, season and month of birth in relation to PD risk. These variables have been used in previous studies as exposures to investigate early life infections in relation to adult diseases, including Alzheimer's disease and amyotrophic lateral sclerosis [17, 18] . In addition, we re-evaluated the proposed association between societal influenza burden in the year of birth and PD risk, using a wider spectrum of ILI data ranging from 1932 to 1970. The results of our study however did not support associations between early life infection and PD risk. The absence of association between flu burden in the year of birth and PD risk is in line with the majority of previous studies [21] [22] [23] . Our results of no association between birth month and season, sibship size and PD risk are equally consistent with previous findings [24, 25] . We did find a lower PD incidence among participants who had one or more older siblings although the interpretation of this finding is not straight forward. Previous studies have reported that history of childhood red measles and chickenpox infections were inversely related to PD risk [26] . One may speculate that this is another example of the hygiene hypothesis that early life immune challenges help develop a strong and balanced immune system later in life as exemplified allergic or autoimmune conditions such as asthma [27] and type I diabetes [28] .
On the other hand, we could not exclude chance as a possible explanation as we did not find any dose-response relationship for number of older siblings or age interval between study participant and nearest older sibling. Furthermore, PD risk was not altered among those with younger siblings. We also tested other developmental origins including parental age at birth and multiple births. The suggested mechanism underlying the paternal effect is the higher de novo mutation rate with increasing paternal age, which is mainly attributed to a great number of germ cell divisions [29] . The potential maternal effect, on the other hand, may be attributed to the accumulation of oxidative stress and resulting mitochondrial DNA mutations being transmitted from mothers to offspring [30] . Multiple births have been linked to preterm deliveries and low birth weight. However, results from the previous and present studies do not support the above hypotheses [24] .
The current study has several strengths, including the prospective design and the exceedingly large sample size, and use of nationwide historical data. The exposure information on sibling structure, parental age, month and season of birth was retrieved from registers making the study insusceptible to recall bias. Inclusion of both prevalent and incident PD cases will not introduce reverse causality as the birth exposures are independent of PD diagnosis. However, our study also has some limitations. First, we identified potential PD patients from nationwide registers and outcome misclassification was inevitable, although previous studies validated the accuracy of PD diagnosis of inpatient visits, with a positive predictive value (PPV) of 70% among all cases and an additionally increased PPV if PD was the primary diagnosis of hospitalization (83%) [11] . Although we are yet to validate PD diagnosis in the outpatient register, it might be reasonable to assume that its accuracy is comparable to or better than that of the inpatient visits, since 92.5% of PD from outpatient visits had PD as their primary diagnosis compared to 27% from inpatient records. As a complementary analysis, we linked the patient register to the Swedish drug prescription register that records drug utilization and expenditures for prescribed drugs for the entire Swedish population since July 2005. We observed that 91.1% of the PD patients with first diagnosis in the outpatient register during 2005-2010 had been subscribed and took antiparkinsonian drugs. However, the misclassification of PD outcome is likely non-differential with regard to exposure variables. Furthermore, due to the nature of our study, sibling structure, birth season and month may be viewed as indicators of overall childhood infection levels, which might have undermined our ability to identify the association of specific early infection in relation to PD. Furthermore, although we gathered ILI data over thirty years, the intrinsic feature of ecological design of using data at integrated level limited ability to assess prenatal influenza infection to PD risk relationship. Finally, our analyses were limited to information that was recorded in the MGR and we were unable to investigate other exposures of interest; for example, birth weight or parental smoking behavior, in relation to PD risk later in life.
Conclusions
In summary, our study provided little support for important etiological contributions of early life factors to the PD risk late in life. The finding of a lower PD risk among individuals with older siblings will need confirmation and further investigation.
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